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lines, and a plurality of pixels each electrically connected to a
corresponding gate line and a corresponding data line. The
LCD also includes a timing controller that receives present
frame data, stores previous frame data, and outputs first line
data of the previous frame data and a data driver that converts
the first line data to a first previous line data voltage and
applies the first previous line data voltage to the data lines
during a portion of a vertical blank period between a present
frame and a previous frame.
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LIQUID CRYSTAL DISPLAY (LCD) AND
METHOD OF DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 of Korean Patent Application No.
10-2013-0060471, filed on May 28, 2013, the contents of
which are hereby incorporated by reference in its entirety.

BACKGROUND

1. Field

The described technology generally relates to aliquid crys-
tal display (LCD) and a method of driving the same, and more
particularly, to an LCD capable of pre-charging pixels and a
method of driving the LCD.

2. Description of the Related Technology

LCDs generally include an LCD panel. The LCD panel
typically includes a lower substrate, an upper substrate facing
the lower substrate, and a liquid crystal layer interposed
between the lower substrate and the upper substrate.

Generally, LCD panels include gate lines, data lines, and
pixels connected to the gate lines and the data lines. A gate
driver that sequentially outputs gate signals to the gate lines is
typically directly formed on the LCD panel through a thin
film process.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

One inventive aspect is an LCD which is capable of pre-
charging pixels connected to a first gate line.

Another aspect is a method of driving the LCD.

Another aspect is an LCD including a display panel, a
timing controller, a data driver, and a gate driver.

The display panel includes a plurality of gate lines, a plu-
rality of data lines, and a plurality of pixels each electrically
connected to a corresponding gate line and a corresponding
data line.

The timing controller receives present frame data, stores
previous frame data, and outputs first line data of the previous
frame data.

The data driver converts the first line data to a first previous
line data voltage and applies the first previous line data volt-
age to the data lines during a portion of a vertical blank period
between a present frame and a previous frame.

The gate driver applies a first gate signal configured to
include a pre-charge voltage, a gate high voltage, and a gate
low voltage to a first gate line of the gate lines. The pre-charge
voltage is applied during a pre-charge period overlapping at
least a part of the portion of the vertical blank period.

The gate high voltage is applied during a line period and the
pre-charge period is a period prior to the line period. The
pre-charge period is smaller than the portion of the vertical
blank period. The gate high voltage and the pre-charge volt-
age are maintained in a high voltage state and the gate low
voltage is maintained in a low voltage state during a rest
period. The gate high voltage and the pre-charge voltage have
the same voltage level.

The timing controller includes a frame memory, a pre-
charge signal generator, and a pre-charge data output part.
The frame memory stores the previous frame data. The pre-
charge signal generator generates a pre-charge signal indicat-
ing an output timing of the first line data. The pre-charge data
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output part receives the pre-charge signal from the pre-charge
signal generator and the first line data of the previous frame
data from the frame memory.

The timing controller further includes a data compensator
to generate compensation data on the basis of the previous
frame data received from the frame memory and the present
frame data.

Another aspect is a method of driving an LCD which
includes a display panel having a plurality of gate lines and a
plurality of data lines, a timing controller, a data driver, and a
gate driver, including applying present frame data to the tim-
ing controller, storing a previous frame data in the timing
controller, outputting first line data of the previous frame data
from the timing controller, converting the first line data to a
first previous line data voltage in the data driver, outputting
the first previous line data voltage to the data lines during a
portion of a vertical blank period between the present frame
and the previous frame from the data driver, and applying a
first gate signal configured to include a pre-charge voltage, a
gate high voltage, and a gate low voltage to a first gate line of
the gate lines from the gate driver, wherein the pre-charge
voltage is applied during a pre-charge period overlapping at
least a part of the portion of the vertical blank period.

According to at least one embodiment, the pixels con-
nected to the first gate line may be pre-charged to the first
previous line data voltage of the previous frame by the appli-
cation of a pre-charge voltage to the first gate line.

BRIEF DESCRIPTION OF THE DRAWINGS

The above described and other advantages of the described
technology will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings.

FIG. 1is ablock diagram showing an LCD according to an
exemplary embodiment.

FIG. 2 is a block diagram showing the timing controller of
FIG. 1.

FIG. 3 is a timing diagram showing data voltages applied to
data lines and gate signals applied to gate lines during a
previous frame, a vertical blank period, and a present frame.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

Gate lines are typically formed over the entire surface of an
LCD panel. As LCD panels are increasingly manufactured to
have larger sizes, the gate lines must be lengthened. Thus, the
gate signals, e.g., a gate high voltage, can be distorted by the
higher line resistance of longer lines. This distortion influ-
ences the length of time thin film transistors connected to the
gate lines are turned on, and thus, the charge on pixel elec-
trodes connected to the thin film transistors is reduced. As a
result, data voltages provided from the data lines are not
sufficiently applied to the pixel electrodes, and consequently,
a desired image is not properly displayed on the LCD panel.

It will be understood that when an element or layer is
referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Throughout the speci-
fication, the term “connected” includes “electrically con-
nected.” Like numbers refer to like elements throughout. As
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used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, com-
ponents, regions, layers and/or sections, these elements, com-
ponents, regions, layers and/or sections should not be limited
by these terms. These terms are only used to distinguish one
element, component, region, layer or section from another
element, region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the described tech-
nology.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein should be interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the described technology. As used herein, the
singular forms, “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “includes”
and/or “including”, when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the described technology belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

Hereinafter, the described technology will be explained in
detail with reference to the accompanying drawings.

FIG. 1 is a block diagram showing an L.CD according to an
exemplary embodiment.

Referring to FIG. 1, an LCD 1000 includes a display panel
100 which displays an image, gate and data drivers 200 and
300 which drive the display panel 100, and a timing controller
400 which controls the gate and data drivers 200 and 300.

The display panel 100 includes a plurality of gate lines G1
to Gm and a plurality of data lines D1 to Dk. The gate lines G1
to Gm are applied with gate signals and the data lines D1 to
Dk are applied with data voltages. A plurality of pixel areas
are defined in the display panel 100 by the gate lines G1 to Gm
and the data lines D1 to Dk and a pixel PX is disposed in each
pixel area. The pixel PX includes a thin film transistor TR, a
liquid crystal capacitor CL.C, and a storage capacitor CST.

The thin film transistor TR includes a gate electrode con-
nected to a first gate line 1, a source electrode connected to
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afirst data line D1, and a drain electrode connected in parallel
to the liquid crystal capacitor CLC and the storage capacitor
CST.

As an example, the display panel 100 may include a lower
substrate, an upper substrate facing the lower substrate, and a
liquid crystal layer interposed between the lower substrate
and the upper substrate.

The gate lines G1 to Gm, the data lines D1 to Dk, the thin
film transistor TR, and a pixel electrode that serves as a first
electrode of the liquid crystal capacitor CL.C may be disposed
on the lower substrate. The thin film transistor TR is turned on
in response to the gate voltage to apply the data voltage to the
pixel electrode.

A common electrode that serves as a second electrode of
the liquid crystal capacitor CL.C may be disposed on the upper
substrate and a common voltage is applied to the common
electrode. The liquid crystal layer disposed between the pixel
electrode and the common electrode serves as a dielectric
substance. Accordingly, the liquid crystal capacitor CLC is
charged with a voltage corresponding to an electric potential
difference between the data voltage and the common voltage.
However, the positioning of the pixel electrode and the com-
mon electrode is not limited to the above description. That is,
the pixel electrode and the common electrode may be dis-
posed on the lower substrate in accordance with the operating
mode of the display panel.

The gate driver 200 is electrically connected to the gate
lines G1 to Gm to apply the gate signals to the gate lines G1
to Gm. The data driver 300 is electrically connected to the
datalines D1 to Dk to apply the data voltages to the data lines
D1 to Dk.

The timing controller 400 receives a first control signal
CONT1. The first control signal CONT1 includes various
signals, e.g., a vertical synchronization signal, a horizontal
synchronization signal, a main clock signal, a data enable
signal, etc. The timing controller 400 outputs a gate control
signal CONT2 and a data control signal CONT3 in accor-
dance with the first control signal CONT1. Additionally, the
timing controller 400 also receives present frame data fd
including image information for each frame.

The gate control signal CONT2 is applied to the gate driver
200 to control the operation of the gate driver 200. The gate
control signal CONT2 may include a vertical start signal
instructing the start of the operation of the gate driver 200, a
gate clock signal indicating the output timing of the gate
signal, and an output enable signal indicating the pulse width
of the high period of the gate signal.

The gate driver 200 outputs the gate signal including a
pre-charge voltage, a gate high voltage, and a gate low volt-
age.

The data control signal CONT3 is applied to the data driver
300 to control the operation of the data driver 300. The data
control signal CONT3 may include a horizontal start signal
instructing the start of the operation of the data driver 300, an
inverting signal instructing inversion of the polarity of the
data voltage, and an output indicating signal indicating the
output timing of the data voltage.

FIG. 2 is a block diagram illustrating the timing controller
of FIG. 1.

Referring to FIGS. 1 and 2, the timing controller 400
includes a frame memory 410, a data compensator 420, a
pre-charge signal generator 430, and a pre-charge data output
part 440.

The frame memory 410 receives and stores the present
frame data fd. The present frame data fd is the image data for
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a specific frame. The present frame data fd stored in the frame
memory 410 becomes the previous frame data after the period
of one frame.

The data compensator 420 receives the present frame data
fd and receives the previous frame data fd—1 from the frame
memory 410. The data compensator 320 generates compen-
sation data fd' and fd'-1 based on the present frame data fd
and the previous frame data fd-1 and provides the compen-
sation data fd' and fd'-1 to the data driver 300. The compen-
sation data fd' and fd'-1 may include over drive data and
normal data. The over drive data is obtained by adding a
compensation value corresponding to a gray-scale difference
between the present frame data fd and the previous frame data
fd-1 to the present frame data fd and may be used to pre-
charge the data voltage. The normal data is the same as the
present frame data fd.

Hereinafter, the compensation data generated by the data
compensator 420 based on the previous frame data fd-1 and
the frame data of the frame prior to the previous frame is
referred to as a previous compensation data fd'-1. Likewise,
the compensation data generated by the data compensator
420 based on the present frame data fd and the previous frame
data fd-1 is referred to as a present compensation data fd'.
Each of the previous compensation data fd'-1 and the present
compensation data fd' corresponds to the date of one frame.

The data compensator 420 outputs the present compensa-
tion data fd' after outputting of the previous compensation
data fd'-1.

The pre-charge signal generator 430 generates a pre-charge
signal PC. The pre-charge signal PC is used to indicate the
output timing of a first line data 1d1 of the previous frame data
fd-1. The pre-charge signal PC is applied to the pre-charge
data output part 440 after the output of the previous compen-
sation data fd'-1 and before the output of the present com-
pensation data fd' (refer to FIG. 3).

The pre-charge data output part 440 receives the first line
data 1d1 of the previous frame data fd-1 from the frame
memory 410 in response to the pre-charge signal PC and
applies the first line data 1d1 of the previous frame data fd-1
to the data driver 300. In this case, the pre-charge data output
part 440 outputs the first line data 1d1 of the previous frame
data fd-1 after the output of the previous compensation data
fd'-1 and before the output of the present compensation data
fd'.

FIG. 3 is a timing diagram showing the data voltages
applied to the data lines and the gate signals applied to the
gate lines during a previous frame, a vertical blank period, and
a present frame.

Referring to FIGS. 1 to 3, the data voltage DATA includes
a previous data voltage DATA1 and a present data voltage
DATAZ2. For example, the previous compensation data fd'-1
is converted to the previous data voltage DATA1 by the data
driver 300 and applied to the data lines D1 to Dk during the
previous frame period, and the present compensation data fd'
is converted to the present data voltage DATA2 by the data
driver 300 and applied to the data lines D1 to Dk during the
present frame period.

During each of the previous frame and the present frame,
first to m-th gate signals GS1 to GSm are sequentially applied
to the gate lines G1 to Gm. When the first to m-th gate signals
GS1 to GSm and the previous data voltage DATA1 are applied
during the previous frame, the display panel 100 displays an
image corresponding to the previous frame. Similarly, when
the first to m-th gate signals GS1 to GSm and the present data
voltage DATA2 are applied during the present frame, the
display panel 100 displays an image corresponding to the
present frame.
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The previous data voltage DATA1 includes a plurality of
previous line data voltages LV1 to LVm, which are time-
sequentially arranged. In addition, the present data voltage
DATAZ2 includes a plurality of present line data voltages LV1'
to LVm', which are time-sequentially arranged. Each of the
previous frame and the present frame may include a plurality
ofline periods LP. Each of the previous line data voltages LV1
to LVm and each of the present line data voltages LV1' to
LVm' are applied to the data lines D1 to Dk during the line
periods LP.

In general, a vertical blank period is inserted between the
previous frame and the present frame. The vertical blank
period is a delay period after the image corresponding to one
frame is displayed during the previous frame and before the
present frame starts. In the present exemplary embodiment,
the first previous line data voltage LV1 may be applied to the
data lines D1 to Dk during the vertical blank period.

The data driver 300 outputs the first previous line data
voltage LV1 to the data lines D1 to Dk during a portion BLK
of the vertical blank period. The first previous line data volt-
age LV1 corresponds to the data voltage obtained by convert-
ing the first line data 1d1 of the previous frame data fd-1
provided from the pre-charge data output part 440 to a data
voltage. The portion BLK of the vertical blank period is
adjacent to the first line period LP of the present frame.

Each of the gate signals GS1 to GSm is configured to
include the pre-charge voltage PGH, the gate high voltage
VGH, and the gate low voltage VGL. The gate high voltage
VGH is maintained in a high voltage state during the line
period LP. The pre-charge voltage PGH is maintained in a
high voltage state during a pre-charge period PP before the
gate high voltage VGH. In this case, the pre-charge period PP
may be smaller than the line period LP. The pre-charge period
PP is adjacent to the period in which the gate high voltage
VGH is applied. The pre-charge period PP of the first gate
signal GS1 may at least partially overlap the portion BLK of
the vertical blank period. The gate low voltage VGL is main-
tained in a low voltage state during a rest period of the one
frame. The rest period is the portion of the one frame when the
pre-charge voltage PGH and the gate high voltage VGH are
not applied. As represented by the first gate signal GS1
applied during the present frame period, the gate high voltage
VGH is maintained in the high voltage state during the line
period LP in which the first present line data voltage LV1' is
applied, the pre-charge voltage PGH is maintained in the high
voltage state during the pre-charge period PP prior to the line
period LP in which the first present line data voltage LV1' is
applied, and the gate low voltage LP is maintained in the low
voltage state during the rest period.

The gate high voltage VGH and the pre-charge voltage
PGH may have the same voltage level.

The gate signals GS1 to GSm are sequentially delayed by
the line period LP. For instance, the second gate signal GS2 is
delayed by the line period L.P when compared to the first gate
signal GS1.

The high voltage states of the gate signals GS1 to GSm at
least partially overlap each other by the pre-charge period PP.
For example, the high voltage state of the first gate signal GS1
overlaps the high voltage state of the second gate signal GS2
by the pre-charge period PP.

The pre-charge voltage PGH is used to pre-charge the
pixels. The pixels are pre-charged to the line data voltage
applied to the pixels connected to the previous gate line prior
to the application of the line data voltage for the pixels con-
nected to the present gate line when the gate high voltage
VGH is applied to the present gate line. For example, the
second present line data voltage [L.V2' is applied to the pixels
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connected to the second gate line G2 when the gate high
voltage VGH is applied to the second gate line G2. The first
present line data voltage LV1' is pre-charged in the pixels
connected to the second gate line G2 when the pre-charge
voltage PGH is applied to the second gate line G2. The same
process may be applied to the pixels connected to the third to
m-th gate lines GS3 to GSm.

The pixels connected to the first gate line G1 are pre-
charged with the first previous line data voltage LV1. In
contrast to the pixels connected to the second to m-th gate
lines G2 to Gm, the pixels connected to the first gate line G1
may not be pre-charged to the present line data voltages V1"
to LVm' of the present data voltages DATA2 since the pre-
charge voltage PGH of the first gate signal GS1 is applied to
the pixels connected to the first gate line G1 during the ver-
tical blank period. The first previous line data voltage LV1 of
the previous frame may have similar information to the first
present line data voltage LV1'". Thus, the pixels connected to
the first gate line G1 are pre-charged to the first previous line
data voltage LV1.

In a typical LCD, pixels connected to the first gate line are
pre-charged to a fixed data voltage or not pre-charged. This
causes a defect in the brightness of images displayed by the
pixels connected to the first gate line. According to at least one
embodiment of the described technology, pixels connected to
the first gate line are pre-charged to the first line data voltage
of the previous frame according to the pre-charge voltage of
the gate signal. Thus, the abovementioned defect in bright-
ness of the displayed images may be prevented.

Although the exemplary embodiments of the described
technology have been described, it is understood that the
invention should not be limited to these exemplary embodi-
ments but various changes and modifications can be made by
one ordinary skilled in the art within the spirit and scope of the
described technology as defined by the accompanying claims.

What is claimed is:

1. A liquid crystal display (LCD) comprising:

adisplay panel comprising a plurality of gate lines includ-
ing a first gate line, a plurality of data lines, and a plu-
rality of pixels, wherein each pixel is electrically con-
nected to a corresponding gate line and a corresponding
data line;

a timing controller configured to: 1) receive present frame
data, ii) store previous frame data, and iii) output first
line data of the previous frame data;

adata driver configured to: i) receive the first line data from
the timing controller, ii) convert the first line data to a
first previous line data voltage, and iii) apply the first
previous line data voltage to the data lines during a
portion of a vertical blank period between a present
frame and a previous frame; and

a gate driver configured to apply a first gate signal includ-
ing a pre-charge voltage, a gate high voltage, and a gate
low voltage to the first gate line, wherein the gate driver
is further configured to apply the pre-charge voltage
during a pre-charge period at least partially overlapping
the portion of the vertical blank period,

wherein the pixels electrically connected to the first gate
line are charged with the first previous line data voltage
during the previous frame,

wherein the pixels electrically connected to the first gate
line are pre-charged with the first previous line data
voltage during the vertical blank period, and

wherein the pixels electrically connected to the first gate
line are charged with a present data voltage converted
from the present frame data during the present frame.
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2. The LCD of claim 1, wherein the gate driver is further
configured to apply the gate high voltage during a line period
and wherein the pre-charge period precedes the line period.

3. The LCD of claim 2, wherein the gate driver is further
configured to apply the gate high voltage and the pre-charge
voltage as a high voltage and the gate low voltage as a low
voltage during a rest period.

4. The LCD of claim 1, wherein the pre-charge period is
shorter than the portion of the vertical blank period.

5. The LCD of claim 1, wherein the gate high voltage and
the pre-charge voltage have substantially the same voltage
level.

6. The L.CD of claim 1, wherein the timing controller
comprises:

a frame memory configured to store the previous frame

data;

a pre-charge signal generator configured to generate a pre-
charge signal indicating an output timing of the first line
data; and

a pre-charge data output part configured to receive the
pre-charge signal from the pre-charge signal generator
and the first line data from the frame memory.

7. The LCD of claim 6, wherein the timing controller
further comprises a data compensator configured to receive
the previous frame data from the frame memory and generate
compensation data based at least in part on the previous frame
data and the present frame data.

8. The LCD of claim 7, wherein the compensation data
comprises previous frame compensation data and present
frame compensation data, and wherein the pre-charge data
output part is further configured to output the first line data
after the previous frame compensation data is output and
before the present frame compensation data is output.

9. The LCD of claim 1, wherein the data driver is further
configured to pre-charge the pixels electrically connected to
the first gate line with the first previous line data voltage.

10. The LCD of claim 1, wherein the gate driver is further
configured to apply only one pre-charge voltage per frame.

11. A method of driving a liquid crystal display (LCD),
comprising:

receiving present frame data;

storing previous frame data;

outputting first line data of the previous frame data;

converting the first line data to a first previous line data
voltage;

applying the first previous line data voltage to data lines
during a portion of a vertical blank period between a
present frame and a previous frame; and

applying a first gate signal including a pre-charge voltage,
a gate high voltage, and a gate low voltage to a first gate
line, wherein the pre-charge voltage is applied during a
pre-charge period at least partially overlapping the por-
tion of the vertical blank period,

wherein the pixels electrically connected to the first gate
line are charged with the first previous line data voltage
during the previous frame,

wherein the pixels electrically connected to the first gate
line are pre-charged with the first previous line data
voltage during the vertical blank period, and

wherein the pixels electrically connected to the first gate
line are charged with a present data voltage converted
from the present frame data during the present frame.

12. The method of claim 11, wherein the applying of the
first gate signal is performed by a gate driver, wherein the gate
driver is configured to apply the gate high voltage during a
line period and wherein the pre-charge period precedes the
line period.
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13. The method of claim 12, wherein the gate driver is
further configured to apply the gate high voltage and the
pre-charge voltage as a high voltage and the gate low voltage
as a low voltage during a rest period.

14. The method of claim 11, wherein the pre-charge period
is shorter than the portion of the vertical blank period.

15. The method of claim 11, wherein the gate high voltage
and the pre-charge voltage have substantially the same volt-
age level.

16. The method of claim 11, pre-charging a plurality of
pixels electrically connected to the first gate line with the first
previous line data voltage.

17. A liquid crystal display (LCD) comprising:

adisplay panel comprising a plurality of gate lines includ-
ing a first gate line, a plurality of data lines, and a plu-
rality of pixels, wherein each pixel is electrically con-
nected to a corresponding gate line and a corresponding
data line;

a timing controller configured to: 1) receive present frame
data, ii) store previous frame data, and iii) output first
line data of the previous frame data;

adata driver configured to: i) receive the first line data from
the timing controller, ii) convert the first line data to a
first previous line data voltage, and iii) apply the first
previous line data voltage to the data lines prior to a
present frame; and

a gate driver configured to apply a first gate signal com-
prising a pre-charge voltage, a gate high voltage and a
gate low voltage to the first gate line, wherein the gate
driver is further configured to apply the pre-charge volt-
age during a pre-charge period at least partially overlap-
ping a period during which the first previous line data
voltage is applied to the data lines,
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wherein the pixels electrically connected to the first gate
line are charged with the first previous line data voltage
during the previous frame,

wherein the pixels electrically connected to the first gate
line are pre-charged with the first previous line data
voltage during the vertical blank period, and

wherein the pixels electrically connected to the first gate
line are charged with a present data voltage converted
from the present frame data during the present frame.

18. The L.CD of claim 17, wherein the gate driver is further
configured to apply the gate high voltage during a line period,
and wherein the pre-charge period precedes the line period.

19. The LCD of claim 17, wherein the data driver is further
configured to apply the first previous line data voltage during
a portion of a vertical blank period between a present frame
and a previous frame.

20. The LCD of claim 19, wherein the pre-charge period is
shorter than the portion of the vertical blank period.

21. The LCD of claim 19, wherein the timing controller
comprises:

a frame memory configured to store the previous frame

data;

a pre-charge signal generator configured to generate a pre-
charge signal indicating an output timing of the first line
data; and

a pre-charge data output part configured to receive the
pre-charge signal from the pre-charge signal generator
and the first line data from the frame memory.

22. The L.CD of claim 21, wherein the timing controller
further comprises a data compensator configured to receive
the previous frame data from the memory and generate com-
pensation data based at least in part on the previous frame data
and the present frame data.
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